We derive accurate proper motions of the CH 3 OH 12 GHz masers towards the W3(OH) UC Hii region, employing seven epochs of VLBA observations spanning a time interval of about 10 yr. The achieved velocity accuracy is of the order of 0.1 km s −1 , adequate to precisely measure the relative velocities of most of the 12 GHz masers in W3(OH), with amplitude varying in the range 0.3-3 km s −1 . Towards W3(OH), the most intense 12 GHz masers concentrate in a small area towards the north (the northern clump) of the UC Hii region. We have compared the proper motions of the CH 3 OH 12 GHz masers with those (derived from literature data) of the OH 6035 MHz masers, emitting from the same region of the methanol masers. In the northern clump, the two maser emissions emerge from nearby (but likely distinct) cloudlets of masing gas with, in general, a rather smooth variation of line-of-sight and sky-projected velocities, which suggests some connection of the environments and kinematics traced by both maser types. The conical outflow model, previously proposed to account for the 12 GHz maser kinematics in the northern clump, does not reproduce the new, accurate measurements of 12 GHz maser proper motions and has to be rejected. We focus on the subset of 12 GHz masers of the northern clump belonging to the "linear structure at P.A. = 130
Introduction
Studying the evolution of Hii regions and their complex interaction with the surrounding environment, is important in the context of star formation. Hii regions emit intense far-ultraviolet (FUV) radiation which photoionizes the circumstellar gas and evaporates more volatile molecules frozen on dust grain mantles. The physical and chemical properties of the gas in the natal molecular core (with typical size of about 0.1 pc) are greatly altered, with a major impact on the subsequent star-formation conditions. The radiation pressure exerted by the Hii regions onto dust grains can eventually significantly contribute to the disruption of the molecular core, too.
Hyper-compact (HC) and ultra-compact (UC) Hii regions are clear indicators of forming (or recently born) massive stars. In regions of massive star-formation are often observed intense maser emissions of OH (at frequency of 1.6 and 6.0 GHz) , H 2 O (22 GHz) and CH 3 OH (6.7 and 12 GHz). Using multi-epoch Very Long Baseline Interferometry (VLBI) observations, one can accurately determine absolute positions and velocities of maser spots (the single maser emission centers), providing unique information on the kinematics of the molecular gas around massive Young Stellar Objects (YSO).
Learning from the few sources studied in details so far, it appears that H 2 O 22 GHz and OH 1.6 GHz masers could be tracing respectively the fast (50-100 km s −1 ) and slow (5 km s −1 ) expansion of compact Hii regions in different evolutionary stages (Torrelles et al. 2003; Moscadelli et al. 2007; Fish & Reid 2007) . Accurate measurements of internal motions of CH 3 OH 6.7 and 12 GHz masers are still lacking in the literature. In several sources (single-epoch) VLBI observations have shown linear or arc-like distributions of maser spots, which have been interpreted in terms of edgeon rotating toroids or disks (Norris et al. 1998; Pestalozzi et al. 2005 Pestalozzi et al. , 2009 . However, in a few cases such elongated maser distributions lie in projection on the sky parallel to typical outflow tracers (such as the H 2 2.12µm line), rather suggesting association with outflowing gas (De Buizer 2003) . Measuring relative proper motions of CH 3 OH maser spots appears the most direct way to discriminate between rotation and outflow.
W3(OH) is one of the best studied UC Hii region. It is associated with a far-infrared source with a total luminosity of 10 5 L ⊙ (Campbell et al. 1989) , which corresponds to a main-sequence O7 star. It harbours a plethora of maser transitions, among which the most intense and best studied by means of VLBI are those of OH at 1.6 (Bloemhof et al. 1992; Wright et al. 2004; Fish et al. 2006) , 6.0 (Desmurs et al. 1998; Fish & Sjouwerman 2007) and 13 GHz , and those of CH 3 OH at 6.7 (Menten et al. 1992 ) and 12 GHz (Moscadelli et al. 1999 (Moscadelli et al. , 2002 Xu et al. 2006, hereafter MMWR1, MMWR2 and XRZM, respectively) . OH 1.6 and 6.0 GHz and CH 3 OH 6.7 GHz masers are distributed across an area of about 2 ′′ in size, covering all the western half of the continuum emission, where the Hii region is confined by relatively denser molecular gas. In contrast, most of CH 3 OH 12 GHz maser emission comes from a small (diameter of about 200 mas) cluster (the "northern clump") to the north of the UC Hii region (Moscadelli et al. 1999 , Fig. 3 ), in correspondence with the northern ionized clump observed in high frequency (15-23 GHz) continuum images of W3(OH). The highly excited OH 13 GHz masers also emerge from a compact region (extended about 100 mas) of the northern ionized clump. This area, including highly excited maser transitions, the brightest continuum emission, and showing also intense magnetic fields (Wright et al. 2004) , is the most active of the whole UC Hii region and could host the main source of excitation in W3(OH).
By comparing two Very Long Baseline Array (VLBA) 1 epochs separated by about 5 yr, MMWR2 first measured relative proper motions of CH 3 OH 12 GHz masers in W3(OH) and found typical velocity amplitudes of a few km s −1 . Positions and velocities of the 12 GHz masers in the northern clump have been fitted with a narrow conical outflow model oriented at close angle with the line of sight. However, most of the measured proper motions have large ( 50%) uncertainties and the outflow model was effectively constrained by the (well-known) maser line-of-sight velocities only. Recently, by using 5 VLBA epochs, XRZM have measured the parallax of the CH 3 OH 12 GHz masers in W3(OH), deriving a very accurate source distance of 1.95 ± 0.04 kpc. To better constrain the kinematics of the 12 GHz masers, in this work we combine the MMWR2 and XRZM 12 GHz maser observations (forming a dataset of seven VLBA epochs spanning about 10 yr) and derive accurate, relative proper motions for the persistent maser spots. Section 2 of this paper briefly describes the VLBA observations of 12 GHz methanol masers which we employ for proper motion derivation. Section 3 presents a study of the 12 GHz maser variability over the 10 yr period spanned by the VLBA observations. In Sect. 4 we derive the 12 GHz maser proper motions and compare the new values with the previous measurements by MMWR2. Basing on two published VLBI observations of OH 6.0 GHz masers in W3(OH), Sect. 5 derives proper motions of this maser transition and compares the velocity distributions of OH 6.0 GHz and CH 3 OH 12 GHz masers in the northern clump. Finally, in Sect. 6, the conical outflow model by MMWR2 is tested against the more accurate 12 GHz maser proper motions derived in Sect. 4. Conclusions are drawn in Sect. 7. Table 1 reports the main parameters of our 12 GHz maser VLBA observations. A full description of the VLBA observational setup, data calibration and analysis is given in MMWR1, MMWR2 and XRZM. The observations span a time interval of about 10.5 yr. The XRZM five epochs are distributed over one year (from July 2003 to July 2004) for the purpose of measuring the parallax of the 12 GHz masers. Tables 2 of MMWR1 and Tables 1 of MMWR2 report spot parameters (position, intensity, FWHM size) derived by fitting a two-dimensional Gaussian profile to the spot intensity distribution. In these tables, the "Component" label given in Col. 1 identifies the maser spots persistent across the two epochs. In this work, we will name maser spots using the same "Component" labels of MMWR1 and MMWR2. Position offsets given in Tables 2 of MMWR1  and Tables 1 of MMWR2 , are relative to the maser spot # 23, which was used as phase-reference in the analysis of the first epoch (1994) VLBA data. Maser spot parameters were derived by MMWR1 and MMWR2 on images hanning-smoothed to a velocity resolution of 0.5-0.6 km s −1 . With such a resolution, most of the spot emission is contained in a single velocity-resolution element.
Summary of CH 3 OH 12 GHz maser VLBA observations
XRZM determined spot parameters from images with a velocity resolution of 0.4 km s −1 , comparable with that of the hanning-smoothed images of MMWR1 and MMWR2. Table 1 shows that also the angular resolution of the seven VLBA epochs was similar. Thus, the spot parameters (from a two-dimensional Gaussian fit) derived by XRZM can be directly compared with those of MMWR1 and MMWR2. It is to be noted that XRZM observations were less sensitive than the MMWR1 and MMWR2 VLBA epochs. Figure 1 shows the distribution in fluxes of maser spots detected by MMWR1 and XRZM. Only 3 out of the 19 spots with flux less than 10 Jy observed by MMWR1, were recovered by XRZM. However, the sensitivity of the XRZM VLBA observations was sufficient to recover most of the spots stronger than 10 Jy with good signal-to-noise ratio, allowing an accurate determination of their proper motions. Figure 2 compares the velocity-integrated emission of CH 3 OH 12 GHz masers in the northern clump among the 1994 February, 1998 December and 2004 January VLBA epochs. The plotted field of view corresponds to an area of about 100 mas in size, where the strongest 12 GHz masers in W3(OH) are clustering. The VLBA at 12 GHz achieves an angular resolution sufficient to partially resolve and determine the maser structure, which appears as a collection of bright spots connected by a bridge of more extended and weaker emission.
Time Variability
By inspecting panels showing emission at corresponding velocity intervals, it is possible to identify bright maser spots persisting over the epochs at similar relative positions. While at the extreme velocities the maser intensity keeps approximately constant or decreases slightly, at the central velocities it diminishes by a larger factor of 2.5-3. It is remarkable the regular variation over the epochs of the relative intensity of the weaker emission features, which stably become either brighter or dimmer.
In the second VLBA epoch (1998 December) 50 out of the 51 spots detected in the first epoch (1994 February) were recovered. MMWR2 note that, even if relative spot intensities can vary by factors up to 3-4, the maser emission structure remains remarkably similar across about 5 yr. In the last five VLBA epochs (2003) (2004) , XRZM recover 26 out of the 51 spots detected in the first VLBA epoch. Most of the strongest maser spots (with intensity higher than 5 Jy beam −1 ) persist over a time span of about 10.5 yr. The 25 spots missed in the last VLBA epochs had intensities of only a few Jy in the first and second-epoch maps, and their non detection can be ascribed to the lower sensitivity of the XRZM VLBA runs and also to maser variability. Three weak spots, not previously observed by MMWR1 and MMWR2, are new detections by XRZM. Since the observations by XRZM cover a time span of only 1 yr, too small to derive accurate relative proper motions, in our analysis we will not consider these new detections further. Table 2 lists proper motions of CH 3 OH 12 GHz masers in W3(OH), derived for spots which persisted over a time span equal or larger than about 5 yr (the separation between the first and second VLBA epochs). Column 1 identifies the maser spot reporting the same "Component" label used by MMWR1 and MMWR2. Three spots with complex emission are fitted with two spatiallyblended components, denoted using the same integer number and lowercase letters "a" and "b". Proper motions are relative to the maser spot # 23, to which maser positions were referred at each VLBA epoch. Proper motions derived for spots observed over the first two VLBA epochs only, are, On the upper-right corner of each panel, the averaging velocity interval (in km s −1 ) and the intensity peak of the image, are reported. Panels on a given row compare emission integrated over the same velocity interval, and plotted using the same peak percent levels. Plotted levels are 15, 30, 60, 80, 90% of the peak for the first-row panels; 4, 8, 15, 30, 60, 90% for the second-row panels; 5, 7, 15, 30, 60, 90% for the third-row panels; 1, 2, 4, 8, 15, 30, 60, 90% for the fourth-row panels. In each of the three epochs, the maser images have been restored using the same beam (1.1 × 0.7 mas, P.A. = 8 • ), shown in the inset on the bottom-left corner of the last-row panels. Each black line gives the best linear fit for the motion of the spot identified by the "Component" label (see Table 2 ) reported on the upper left side of the fit. In each panel, the vertical bar showes the amplitude scale of spot position offsets. The proper motions listed in Table 2 are derived by means of a linear fit of spot relative position vs time. Figure 3 shows the proper motion fit for spots persistent over three or more VLBA epochs. Note that for most spots, the assumption of a uniform motion across the VLBA epochs fits well the observations. The spatially-blended components "8b", "14a" and "21b", present the largest departure from linear motion. In MMWR1 and MMWR2, spot position errors were calculated with the standard formula for the Gaussian fit: 0.5 FWHM/SNR, where FWHM is the fitted spot size and SNR is the ratio of the spot intensity with the image rms noise. Since 12 GHz maser emission in W3(OH) is partially resolved with VLBA, change in the structure of the phasereference spot and maser spatial blending usually dominate the error-budget over signal-to-noise limitations. It is difficult to estimate this error contribution, but our experience is that it can vary from case to case in the range 10-100 µas for isolated spots, increasing up to several hundreds of microarcsec for more spatially-blended components. To calculate more reliable spot position errors, we added a constant error floor of 50 µas in quadrature with the formal errors of the Gaussian fit. Position errors listed in Table 2 and position errorbars shown in Fig. 3 have been derived following this rule. For spatially-blended components, more heavily affected by systematic errors of Gaussian fit, the calculated position errors are likely underestimated. While for isolated spots we rely on the estimated values of position errors to derive proper motion errors with the linear fit, for spatially-blended spots we adopt a different strategy. For these spots, proper motion errors have been estimated from the rms of residuals of the linear fit of spot position vs time, and the original (a priori) position errors have been rescaled by the factor required to make their rms equal to the rms of fit residuals. Table 2 of MMWR2 reports CH 3 OH 12 GHz maser proper motions derived by maximizing the cross-correlation of the intensity distribution of corresponding spots between the 1994 February and 1998 December VLBA epochs. In principle, the proper motion of extended objects, assuming the internal structure does not change significantly with time, can be better determined by cross-correlating the emission distribution than simply considering the motion of the emission peak. Comparing the velocities of Table 2 with those of Table 2 of MMWR2, we found out that the velocity component towards the north was derived with the wrong sign by MMWR2. In the procedure of calculating the cross-correlation function of spot intensity distribution, the conversion to velocity of the correlation steps towards the north, expressed originally in terms of map pixels, was correct in absolute value but had the wrong sign.
CH 3 OH 12 GHz maser proper motions
Selecting the spots observed at three or more epochs, Figure 4 compares proper motions calculated using the first two VLBA epochs only, with the values derived using all epochs of detection of a given spot. Two different measurements of two-epoch proper motions are shown: 1) values from Table 2 of MMWR2 (reversing the sign of the velocity component towards the north), obtained via cross-correlation of extended spot emission; 2) by simply considering the displacement of the spot emission peak between the epochs (the linear-fit method). Apart from a few spatially-blended spot components, whose values are more scattered, proper motions measured with two VLBA epochs over a time baseline of 5 yr are consistent with measurements obtained with three or more VLBA epochs over a time baseline of 10 yr. Excluding the double components, the error-weighted rms difference between linear-fit measurements using two and more-than-two epochs, is 0.7 and 0.6 km s −1 for the velocity component towards the east and north, respectively. Using the two-epoch proper motions derived via cross-correlation of spot emission, the errorweighted rms difference is 0.4 and 0.7 km s −1 for the velocity component towards the east and north, respectively. The fact that the spatially-blended spot components deviate from a linear motion more than isolated spots, suggests indeed that their Gaussian-fit position is affected by larger uncertainties. Figure 4 suggests that, for spots of sufficiently simple structure, two VLBA epochs separated by about 5 yr allow to measure CH 3 OH 12 GHz maser proper motions towards W3(OH) with an accuracy of 0.5-1 km s −1 . Table 2 reports values of proper motions (in italic characters) also for spots observed during the first two VLBA epochs only. Velocity errors of most of these spots, as determined by the linear fit, vary in the range 0.2-0.5 km s −1 , and are possibly underestimated by a factor of 2-3. Taking the most accurate proper motions of Table 2 , 12 GHz maser internal motions in W3(OH) should be mainly in the range 0.3-2 km s −1 . Thus, proper motions determined with the first two VLBA epochs are likely affected by large relative errors, from 30% up to 200% for the slowest spots. On the other hand, the accuracy achieved with several VLBA epochs over a time baseline of about 10 yr is of the order of 0.1 km s −1 and appears adequate to measure with an accuracy better than 30% most of the 12 GHz maser proper motions in W3(OH). Figure 5 shows the spatial distribution and the relative proper motions of the 12 GHz masers in W3(OH) belonging to the northern clump. The reference spot used to refer maser positions and velocities is marked with the black cross. Note that clusters of nearby spots tend to show similar line-of-sight and sky-projected velocities, which reinforces our confidence on the reliability of the derived proper motions. One has to keep in mind that those shown in Fig. 5 are velocities relative to one spot chosen as reference, whose motion with respect to the UC Hii region and/or the central ionizing star is unknown. Looking at the global distribution of maser velocities in the northern Fig. 4 .-Comparison of proper motions measured using the two first VLBA epochs only, with values derived using three or more VLBA epochs. Left and right panel report velocity component towards the east and north, respectively. The horizontal axis reports measurements obtained using all the epochs of detection of a given spot, whereas values on the vertical axis result from data of the first two epochs only. Proper motions over three or more epochs are derived by performing a linear fit of the change with time of the spot peak position. Two different measurements of two-epoch proper motions are shown: 1) by maximizing the cross-correlation of the extended spot emissions; 2) by simply considering the displacement of the spot emission peak between the epochs (the linear-fit method). Blue triangles and red dots show values derived with the linear-fit and cross-correlation, respectively. Empty triangles denote spatially-blended double components, whilst filled triangles are used for more isolated spots. Vertical and horizontal errorbars give velocity errors for proper motions calculated with two or more-than-two VLBA epochs, respectively. In both panels the dashed line represents the Y = X line. Table 2 ) marked with a cross. Colors are used to indicate the maser LSR velocities, according to the colored scale on the right-hand side of the plot, with green denoting the mean LSR velocity, at −44.1 km s −1 , of persistent CH 3 OH 12 GHz masers. Arrows indicate proper motions relative to the phase-reference spot, with dashed and solid arrows denoting proper motions measured using two or more-than-two VLBA epochs, respectively. Dotted arrows are used for the most uncertain measurements. The proper motion amplitude scale is given at the bottom right of the plot.
clump, there is no evidence for a regular variation of velocity with position. Desmurs et al. (1998) and Fish & Sjouwerman (2007) have used the European VLBI Network (EVN) to observe the excited OH maser transitions at frequencies of 6031 and 6035 MHz towards W3(OH). Most of maser spots observed by Desmurs et al. (1998) , Table 1 ), we employ the two following criteria to calculate them. First, using the formula of the Gaussian fit, position errors are taken to be inversely proportional to the spot intensity. Secondly, using the results of Fish & Sjouwerman (2007, Ta- ble 1), we request position errors to vary in the range 0.01 mas (for the strongest spots) up to 1 mas (for the weakest spots). Relative proper motions are determined by comparing the positions of the emission peaks of persistent spots between the 1994 May and 2006 June EVN epochs (the linear-fit method). Measuring proper motions over a time baseline of about 12 yr, the average uncertainty in OH maser positions of a few tenths of milliarcsec, at the W3(OH) distance of 1.95 kpc, translates into a velocity uncertainty of a few tenths of kilometer per second.
OH 6.0 GHz maser proper motions
In the northern clump, we find that 6031 MHz OH masers present a close correspondence of positions and LSR velocities with a subset of 6035 MHz masers, and the relative proper motions of nearby spots of the two OH emissions are also similar. Since it appears that the two OH maser lines trace essentially the same motion, for the purpose of comparing OH and CH 3 OH maser kinematics, we employ the OH 6035 MHz masers, which are more intense and numerous than the 6031 MHz • -140
• " drawn by both OH 6035 MHz and CH 3 OH 12 GHz masers. Capital letters "A", "B" and "C" are used to label three associations of OH 6035 MHz and CH 3 OH 12 GHz masers. Colors are used to indicate the maser LSR velocities, according to the colored scale on the right-hand side of the plot, with green denoting the mean LSR velocity, at −44.1 km s −1 , of persistent CH 3 OH 12 GHz masers. Arrows indicate proper motions relative to the "center of motion" of maser spots, whose position is marked with a black cross. Dashed and solid arrows denote proper motions measured using two or more-than-two VLBA epochs, respectively. Dotted arrows are used for the most uncertain measurements. The proper motion amplitude scale is given at the bottom right of the plot. The dotted line gives the approximate location and orientation of the "linear structure at P.A. = 130 • -140 • " drawn by both OH 6035 MHz and CH 3 OH 12 GHz masers, and the dotted ellipse embraces the 12 GHz maser spots belonging to the "linear structure". The small circle denotes the position on the sky of the center of the rotating disk which we have fitted to the motion of the 12 GHz masers in the "linear structure" (see Sect. 6). Capital letters "A", "B" and "C" are used to label three associations of OH 6035 MHz and CH 3 OH 12 GHz masers. Absolute positions of 12 GHz CH 3 OH masers have been measured by XRZM with an accuracy of about 1 mas. OH 6035 MHz maser absolute position has been established by Fish & Sjouwerman (2007) with an error of about 10 mas. In Fig. 6 , we have shifted the OH 6035 MHz masers with respect to their nominal position by approximately 20 mas both to the west and to the south, to overlap the "linear structure at P.A. = 130
• -140
• " drawn by both OH 6035 MHz and CH 3 OH 12 GHz masers (Desmurs et al. 1998, MMWR1) . We are confident that this shift improves the relative position between the two maser emissions, since it brings other groups of spots of the two maser types, with similar line-of-sight and sky-projected velocities, to fall close each other in the sky.
Proper motions presented in Figs. 6 and 7 are relative to the "center of motion" of maser spots of the northern clump. At each VLBI epoch, the position of the "center of motion" is defined by taking the unweighted mean position of the spots persistent over all the observed epochs. Calculating maser velocities relative to this point is the same as first deriving proper motions relative to a given spot and then subtracting the unweighted mean of all proper motions from each spot proper motion. It is to be noted that the resulting proper motions do not depend on the choice of the particular spot relative to which proper motions have been first derived. As far as the masing gas distributes and moves symmetrically about the exciting star, and a sufficiently high number of maser spots are detected, the "center of motion" approaches more and more the star position and velocities relative to it resemble better and better the velocities relative to the star. Plotting velocities relative to the "center of motion" of maser spots, Figs. 6 and 7 permit a direct comparison of the kinematics of OH 6035 MHz and CH 3 OH 12 GHz masers in the northern clump of W3(OH). As the motion of the 12 GHz maser reference spot (# 23) relative to the "center of motion" is small (V X = 0.61 ± 0.06 km s −1 , V Y = 0.12 ± 0.06 km s −1 ), proper motions of the 12 GHz masers in the northern clump shown in Fig. 7 are similar to those of Fig. 5 .
Comparison of OH 6035 MHz and CH 3 OH 12 GHz maser kinematics
Looking at Figs. 6 and 7 one notes that the LSR velocities of both OH 6035 MHz and CH 3 OH 12 GHz masers are higher towards the southeast and decrease moving towards the north-northwest. At the centre of the plotted field of view, the "linear structure at P.A. = 130
• " is traced by both maser types over a total angular extent of about 150 mas. It should be noted that two maser emissions appear to sample different segments of the line, with OH 6035 MHz masers distributed towards the southeast and CH 3 OH 12 GHz masers mainly concentrated to the northwest. Whereas 12 GHz masers belonging to the "linear structure" (inside the dotted ellipse in Fig. 7 ) present a very regular variation of LSR velocities with position (monotonously decreasing towards the northwest), OH 6035 MHz masers show a more scattered pattern of LSR velocities.
We identify at least three maser clusters (labeled in Figs. 6 and 7 with capital letters "A", "B" and "C") where spots of the two maser species are observed to be close in positions and with similar LSR velocities. In clusters "A" and "B", proper motions of both OH 6035 MHz and CH 3 OH 12 GHz masers present some degree of collimation and the average direction of motion of spots of both maser types is also similar. That, taken together with the good correspondence of the LSR velocities, suggests that the two maser emissions in clusters "A" and "B" can partake in the same gas motion. While most of the OH 6035 MHz masers of cluster "C" distribute along a southeast-northwest direction (about parallel to the "linear structure at P.A. = 130
• "), with also a somewhat regular variation of LSR velocities (decreasing towards the northwest), CH 3 OH 12 GHz masers are observed only towards the center of the cluster "C" and emit across a narrower range of LSR velocities than the OH masers. In this cluster, differently from what observed in clusters "A" and "B", the proper motions of both OH 6035 MHz and CH 3 OH 12 GHz masers are scattered over a large range of position angles. The motion of the masing gas in cluster "C" appears more turbolent than in clusters "A" and "B".
Comparing the overall distribution of positions and velocities of the two maser emissions in the northern clump, it seems that OH 6035 MHz and CH 3 OH 12 GHz masers complement each other, emerging from nearby (but likely distinct) cloudlets of masing gas with, in general, a rather smooth variation of line-of-sight and sky-projected velocities.
Revised model of CH 3 OH 12 GHz maser kinematics in the northern clump
MMWR2 fit positions and velocities of all the detected CH 3 OH 12 GHz masers in the northern clump using a model of conical flow, where gas moves on the surface of a cone with a velocity resulting from the combination of an Hubble flow (directed along the cone generators) and a rotation about the cone axis. Since the 12 GHz maser proper motions derived by MMWR2 (using the 1994 February and 1998 December VLBA epochs only) have large errors, the conical flow model was constrained merely by 12 GHz maser LSR velocities (MMWR2, Fig. 6 ). We have now tested the conical flow model with the new, more accurate measurements of 12 GHz maser proper motions (see Table 2 ). Using the same set of input maser spots (MMWR2, Table 2), we have looked for a best-fit solution searching across a parameter range about the best-fit values determined in MMWR2. With regard to the model geometry, the best-fit solution we have determined has both the sky-projected position of the cone vertex (offset less than 10 mas) and the P.A. of the cone axis (differing less than 10
• ) close to the MMWR2 best-fit values; the main difference concerns the inclination angle of the cone axis and the cone opening angle, which in the newly fitted solution are required to be significantly larger (in the range 30
• -35 • ) than the previous MMWR2 best-fit values (<10 • ). With regard to the velocity field, the new solution comes with the coefficient of the Hubble flow about the double as the MMWR2 best-fit value, while the angular velocity of the rotation around the cone axis is obtained significantly smaller (by a factor ≈4) than the previous best-fit value. However, our test indicates that the conical flow model is not able to reproduce properly the improved values of sky-projected velocities. Figure 8 compares the observed velocity components (towards the east, the north and along the line of sight) with the model values. While for the line-of-sight velocities the error-weighted rms residual is comparable with the meaurement errors (0.5 km s −1 ), for both the velocity component towards the east and the north the error-weighted rms residual is of 1.0 km s −1 and significantly exceeds the measurement errors (lower than 0.3 km s −1 ) of most sky-projected velocities. Thus, we are pushed to discard the conical flow model. Fig. 7 shows that the velocity distribution of CH 3 OH 12 GHz masers across the northern clump is quite complex. Differently from what tempted in MMWR2, we restrain now from fitting a model to reproduce positions and velocities of all the 12 GHz maser spots of the northern clump. We focus on the subset of 12 GHz maser spots in the northern clump belonging to the "linear structure at P.A. = 130
• ", whose regular variation of LSR velocities with position presents evidence for some ordered motion. In the following we discuss a model which reproduces positions and velocities of this group of masers only, identified in Table 2 by the "Component" labels given in boldface characters. The goodness of the fit of both the line-of-sight and sky-projected velocities, persuades us to present this alternative model.
We have fitted positions and 3-dimensional velocities of the linear distribution of 12 GHz masers with a rotating, flat disk model. In the following, the model geometry is described using cilindrical coordinates: let us indicate with r (the radius) and z (the height) the distances from the disk center, transverse and parallel to the model symmetry axis, respectively. The radial profile of a flat disk can be well reproduced with a funnel profile, defined by the equation z = a ln(r/r m ) with r ≥ r m (r m being the minimum allowed distance from the funnel axis), choosing a suitably small value for the funnel curvature coefficient a. The velocity field consists of only the azimuthal component v φ = v m (r/r m ) β , taken to be proportional to the power of the radial distance, with v m , r m and β constants. This expression of the azimuthal velocity component is general enough to represent various, physicallly relevant motions. Values of β = −0.5, 0 and 1 correspond to Keplerian, constant-velocity and rigid rotation, respectively.
Free parameters of the model are: the position offset of the disk center (relative to the reference spot # 23; see Table 2 ) towards the east, X c , and towards the north, Y c ; the position angle on the sky p a (measured from north to east) and the inclination angle with the line of sight i a of the disk axis; the funnel curvature coefficient a; the velocity v m (at the minimum allowed distance r m ) and the exponent β describing the power-law dependence of the velocity on the radial distance. r m , Fig. 8 .-Upper, middle and lower panels compare the observed and model maser velocity components towards the east, the north and along the line of sight, respectively. In each panel, errorbars give values and estimated errors of the observed velocity components (relative to the 12 GHz maser reference spot # 23), and empty dots indicate model values. In the model fit calculation, to make the sky-projected and line-of-sight velocity components weight the same, the velocity uncertainty ∆V used in the χ 2 formula (see Equation 2 of MMWR2) is calculated as the quadratic sum of the measurement error and a constant term of 0.5 km s −1 . Maser spots have been ordered by increasing LSR velocities, and the horizontal axis of each panel reports the spot order number. the minimum allowed distance from the disk axis, is fixed to the value of 1 mas, negligible with respect to the size of the 12 GHz maser linear distribution (about 150 mas) so to be irrelevant in the determination of the model geometry. Appendix A describes the details of the model fit. Note. -Columns 1 and 2 give the VLBA epoch and the observing date, respectively; Cols. 3 and 4 report the FWHM Major and Minor axis of the uniformly-weighted beam used to reconstruct the maser images; Col. 5 indicates the velocity resolution of the correlated visibilities; Col. 6 gives the references. Table 3 lists the best-fit parameters of the disk model, corresponding to a minimum value of χ 2 = 1 (see Appendix A). The error of each parameter has been evaluated with the offset from the best-fit value which causes a significative increase (by 20-40%) of the χ 2 value. Figure 9 compares the observed velocity components (towards the east, the north and along the line of sight) with the fit values. The error-weighted rms fit residual is 0.6, 0.7 and 0.2 km s −1 for the velocity component towards the east, the north and along the line of sight, respectively. The "center of motion", relative to which maser velocities are derived, is found to be almost at rest in the model reference frame. Following the procedure described in the Appendix A, we have verified that the bias affecting the derived maser velocities is small: −0.2, 0.0 and −0.4 km s −1 , for the velocity component towards the east, the north and along the line of sight, respectively. Figure 10 shows that the model maser distribution is significantly flat, the ratio between the maximum radial distance (≈140 mas) and the maximum height from the disk midplane (≈15 mas) being about 10. Except for one spot close to the disk center, CH 3 OH 12 GHz masers are predicted to lay at distances of 10-15 mas from the disk midplane. Note that, while the distribution of model positions is about symmetrical along the Y d and Z d axes, most spots are found at negative values of the coordinate X d .
The model predicts a square root dependence of the rotation velocity on the radius (v φ ∝ √ r), which corresponds to a disk in centrifugal equilibrium with constant column density. In such a case one gets v φ = √ GπΣ 0 r, where G is the Gravitational constant and Σ 0 is the constant column density of the disk. Using the best-fit value of v m = −0.19 km s −1 (the velocity at the minimum allowed radial distance r m = 1 mas), and the XRZM distance to W3(OH) of 1.95 kpc (to convert angular to linear distances), one derives Σ 0 = 60 g cm −2 . Our best-fit model suggests that CH 3 OH 12 GHz maser emission originates in a layer at an average height from the disk midplane of ≈25 AU. In agreement with excitation models of CH 3 OH 12 GHz masers (Cragg et al. 2005) (requiring an H 2 numerical density of the order of 10 7 -10 8 cm −3 ), the mass density of the masing gas should be of the order of 10 −16 g cm −3 . To match the derived value of Σ 0 , close to the disk midplane the gas density has to increase by several order of magnitudes above the value estimated for the maser layer. Let us indicate with ρ [g cm −3 ] the disk mass density and assume that it decreases exponentially with the height from the disk midplane: ρ = ρ 0 exp (−|Z d |/H d ), where ρ 0 and H d are the disk midplane mass density and height scale, respectively. The knowledge of the approximate position and density of the maser layer, and of the disk column density Σ 0 , allows us to determine the values of ρ 0 and H d . We find H d ≈ 3 AU and ρ 0 ∼ 5×10 −13 g cm −3 (corresponding to n H 2 ∼ 10 11 cm −3 ). Inside the volume sampled by the CH 3 OH masers (within a radius of 140 mas and an height from the disk midplane of 15 mas), the disk mass is estimated to be of ∼1.5 M ⊙ .
Model Discussion
Positions and velocities of CH 3 OH 12 GHz masers belonging to the "linear structure" in the W3(OH) northern clump are well fitted with a flat disk geometry and a pure rotation field, which might indicate that this subset of 12 GHz maser spots is tracing a self-gravitating structure. The "linear structure" drawn by the 12 GHz masers is located on the sky close to the peak of high frequency (15-23 GHz) continuum images of W3(OH) (see, for istance, MMWR2, Fig.5 ), offset to the northwest by a few tenths of arcsec. UV radiation excaping from the W3(OH) UC Hii region might photo-evaporate a nearby circumstellar disk, and create a disk atmosphere sufficiently rich of gas-phase methanol, and irradiated by a strong enough far-infrared field, to produce strong maser lines. CH 3 OH 12 GHz masers have never been observed in association with low-mass stars, and if the "linear structure" of 12 GHz masers in the W3(OH) northern clump emerges from a low-mass disk, it is plausible that an external radiation field is responsible for the maser excitation. Maser emission would be preferably excited on the disk side facing the UC Hii region, which would account for the asymmetrical distribution of 12 GHz maser spots about the disk center predicted by the model. Looking at Fig. 7 , most of the 12 GHz masers of the "linear structure" are distributed to the southeast of the disk center, along directions close to that pointing to the peak of the radio continum images.
The comparison of Figs. 6 and 7 shows that the variation of LSR velocities of the OH 6035 MHz masers along the "linear structure" is less regular than for the CH 3 OH 12 GHz masers. The few proper motions of the 6035 MHz spots belonging to the "linear structure" are directed approximately perpendicular to the elongation of the maser distribution and cannot be reproduced with the simple rotation model used for the 12 GHz masers. Our interpretation is that OH 6035 MHz masers can trace more external, less dense and warmer portions of the disk atmosphere, where the Hii region UV radiation can photo-dissociate heavier molecules and produce high abundances of gas-phase OH. Note that, except for a few spots, all the OH 6035 MHz maser emission originates from the southeastern portion of the "linear structure", that, in agreement with our model, would correspond to the (sky-projected) disk side facing the stronger source of external radiation. More external portions of the disk atmosphere are likely more turbolent and gas could partly flow away from the disk.
In Sect. 5.1 we have discussed some properties of the OH 6035 MHz and CH 3 OH 12 GHz maser association labeled "C" in Figs. 6 and 7. The derived spot proper motions suggest that both maser emissions trace outflowing/expanding motions from the central part of the maser cluster, with speeds of a few km s −1 . We speculate that the maser cluster "C" might originate from a low-mass circumstellar disk in a more evolved phase of photo-evaporation than that harbouring the "linear structure" of 12 GHz masers discussed above. Comparing with the "linear structure", the maser association "C" contains relatively few (and weak) CH 3 OH masers with respect to OH masers. That might indicate that the gas of maser cluster "C" has been more heavily processed by the Hii region UV radiation. The measured proper motions of the CH 3 OH 12 GHz masers might indicate that the denser portions of the disk atmosphere are also expanding.
Conclusions
Employing seven VLBA epochs spanning a lapse of time of about 10 yr, this work determines accurate proper motions of the CH 3 OH 12 GHz masers in the northern clump of W3(OH). The main features of the 12 GHz maser emission are persisting and most of the strongest maser spots (≥5 Jy) are detected at all the epochs. The best measured sky-projected velocities have amplitudes in the range 0.3-2 km s −1 and the corresponding uncertainties are as small as 0.1 km s −1 .
The conical flow model proposed by MMRW2 to interpret the kinematics of the CH 3 OH 12 GHz masers in the northern clump of W3(OH), is tested with the new, more accurate measurements of spot proper motions. The result shows that the conical flow model is not able to reproduce adequately the 12 GHz maser sky-projected velocities and has to be discarded. We consider a subset of 12 GHz masers in the northern clump belonging to the "linear structure at P.A. = 130
• ", whose regular variation of LSR velocities with position presents evidence for some ordered motion. Positions and 3-dimensional velocities of this group of 12 GHz maser spots are well fitted with a flat disk geometry and a pure rotation field. This "linear distribution" of 12 GHz masers could trace a self-gravitating, low-mass circumstellar disk, in the phase of being photo-evaporated by the strong UV-radiation field excaping from the W3(OH) UC Hii region.
Using literature data, we have derived proper motions of the OH 6.7 GHz masers in the northern clump of W3(OH). Comparing the overall distribution of positions and velocities of the OH and CH 3 OH maser emissions in the northern clump, it seems that OH 6035 MHz and CH 3 OH 12 GHz masers complement each other, emerging from nearby (but likely distinct) cloudlets of masing gas with, in general, a rather smooth variation of line-of-sight and sky-projected velocities.
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A. Disk model fit
This section describes the fit of the flat disk model to the "linear distribution" of 12 GHz masers in the northern clump. Although the model has many (7) free parameters (see Sect. 6), our observations constrain most of them to vary within a narrow range of values. The position of the disk center is searched inside an area of 50 × 50 mas to the northwest of the "center of motion" of the 12 GHz masers (see Fig. 7 ), where most of the strongest 12 GHz masers of the "linear structure" concentrate. As the maser distribution is significantly elongated (the ratio of the major onto the minor axis of the "linear structure" is about 5), the disk should be seen close to edge-on. Accordingly, the position angle of the disk axis, p a , is required to be close (within ±20
• ) to the direction (at P.A. = 45 • ) perpendicular to the maser line (at P.A. = 135 • ), and the inclination angle of the disk axis (with respect to the line of sight), i a , is searched over the range 70
• -110
• . In order to obtain a flat and thin disk, the funnel curvature coefficient a has to be ≪ 1 and we take it within the range 10 −3 -10 −2 . The power-law exponent β is looked for in the range [−1,1], appropriate to reproduce typical velocity fields observed in molecular clumps and cores. In correspondence with a given value of the exponent β, v m (the velocity at the minimum allowed radial distance r m = 1 mas) is varied over a range of values suitable to reproduce the observed spread in line-of-sight and sky-projected velocities.
For a given set of input parameters, one can compute maser positions and velocity vectors and compare the model velocities with the observed velocities. The best-fit model parameters are determined by minimizing the χ 2 expression:
where the index i indicates the three (X, Y and Z) velocity components (towards the east, towards the north and along the line of sight, respectively) and the index n refers to each of the 25 12 GHz maser spots belonging to the "linear structure", for which the model is constructed. The lowercase v denotes the velocity component computed with the model, whereas the uppercase V is the observed velocity component (relative to the "center of motion") with the corresponding uncertainty given by ∆V. Since the sky-projected velocities are determined with respect to the "center of motion" (defined as described in Sect. 5), for consistency the systemic velocity of the disk is taken equal to the unweighted mean LSR velocity (−44.1 km s −1 ) of the persistent 12 GHz maser spots. If the "center of motion" has a non negligible motion with respect to the star driv-ing the maser kinematics, the measured velocities differ from the "true" velocities by a constant vector. To deal with that, after determining the best-fit parameters, a least-square fit of the model velocites versus the observed velocities is performed to estimate a possible offset for each of the three (observed) velocity components. Then the χ 2 value is recalculated after correcting the observed velocities for the derived offset. This procedure allows one to estimate the velocity vector of the "center of motion" in the model reference frame without increasing the number of model free parameters. The accuracy of most sky-projected velocities (see Table 2 ) is estimated to be significantly better than that of the line-of-sight velocities, whose uncertainty is about 0.5 km s −1 , the velocity resolution of our VLBA data after hanning-smoothing. In the model fit calculation, to make the sky-projected and line-of-sight velocity components weight the same, the velocity uncertainty ∆V used in the χ 2 formula is calculated as the quadratic sum of the measurement error and a constant term of 0.5 km s −1 . Note.-Columns 1 and 2 give the position offsets of the disk center from the reference spot # 23 (see Table 2 ) towards the east and north, respectively; Columns 3 and 4 report the P.A. (measured from north to east) and the inclination angle (with respect to the line of sight) of the disk axis, respectively; Column 5 gives the curvature coefficient of the funnel surface used to represent the flat disk; Columns 6 and 7 give the parameters of the power-law function expressing the dependence of the velocity on the radial distance, that is the power-law exponent and the velocity at the minimum allowed distance, respectively. The minimum allowed radius is fixed to the value of 1 mas. 
